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WING LEADING-EDGE MODIFICATION CONSISTING OF A FULL-SPAN
FLAP AND A PARTIAL-SPAN CHORD-EXTENSION ON THE AERODYNAMIC
CHARACTERISTICS IN PITCH AT HIGH SUBSONIC SPEEDS
OF A MODEL WITH A 450 SWEPTBACK WINGL

By Williem D. Morrison, Jr., snd William J., Alford, Jr.
SIMMARY

An investigation was conducted in the Langley high-speed T- by
10-foot tunnel to determine the effects of varying the horizontal-taill
position relative to the wing chord plane on the aerodynemic charscter-~
istics in pitch of a general research model having a 45° sweptback wing
of aspect ratio 4, taper ratio 0.30, and NACA 654006 airfoil sections.
The investigation also included the effects of s wing modification con-
sisting of a full-span leading-edge flap deflected 6° and an outboard
pertial-span chord-extension. The test Mach numbers ranged from 0.40 to
0.95 and the corresponding Reynolds numbers ranged from about 2,000,000
to 3,000,000.

In the range of horizontal-tail positions investigated, the most
desirable pitching-moment charscteristics obtained, either with or with~
out the wing modification, were with the lowest tail position (0.139 semi-
span below wing chord plane extended). The wing modification provided
conslderable improvement in pitching-mament charascteristics for tall posi-
tions above the chord plene extended. The improvements obtaelned at Mach
numbers near 0.90 were much smsaller, however, then those obtained at
lower Mach numbers.

INTRODUCTION

Very camprehensive studies of the effects of horizontel-tail posi-
tion on the overall longitudinal stablility characteristics of complete
airplane configurations have been conducted at low speeds (refs. 1 and 2),

lS@ersedes declassified NACA Research Memorandum L53E06 by
Williem D. Morrison, Jr., end William J. Aiford, Jr., 1953.
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but at the present time knowledge of tail-position effects at high sub-
sonic speeds 1s quite limited.

This investigation was performed to determine the effects of
horizontal-tail position reletive to the wing chord plane on the longi-
tudinal stabllity characteristics of a genersal research model at Mach
numbers fram 0.40 to 0.93. The wing used in this investigation had L45°
of sweep, an aspect ratio of 4, a taper ratio of 0.3, snd an NACA 654006
airfoll section. At each tail positlon, tests were made of the model
with the basic wing and of the model with a wing modification consisting
of a full-span leading-edge flap deflected 6° and an outboard pexrtial-
span chord-extension. This particuler wing modificetion was developed
during a previous investigetion (ref. 3} of the same model without tail
surfaces end is not necessarily the optimm wing modification with tail
surfaces added. '

COEFFICIENTS AND SYMBOLS

All date are presented about the wind axes. Unless otherwise spec-
ified, all pitching-moment data are referred to the quarter chord of the
mesn serodynsmic chord. Coefficients are based on the originsl wing
areg of 2.25 square feet.

CL 1ift coefficient, Lift/qS

Cp drag coefficlent, Drag/qS

Cm pitching-moment coefficient, Pitching moment/qSC

a dynamic pressure, p_2V_2_, lb/sq ft

o) mess density of air, slugs/cu jig ]

v free-stream velocity, fps

M Msch number

a angle of etiack, deg

S wing asrea, 2.25 sq £t B
c local wing chord, £%

0l

2 b/ 2 2
wing meen aerodymamic chord, 3 f c~ dy, £t
0
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Ct horizontal-tail mesn serodynsmic chord, £t

b span of wing, £t

1 tall length (measured fram 0.25 wing mean aerodynsmic chord
to 0.25 mean aserodynamic chord of horizontal tail), £t

R Reynolds aumber

y spanvise distance from plane of symmetry, £t

Zy horizontal-tail position (positive tail position ebove chord

plene extended), percent wing semispan

1g angle of horizontal-tall setting (measured with respect to
fuselasge center line), deg

MODELS AND AFPARATUS

The complete resesrch model of this investigation is showm mounted
on the sting support in the Lengley high-speed T- by 10-foot tunnel in
figure 1. BExcept for the additlion of the tail assembly, the model is
the same as that used for the tests reported in reference 3. The fuse-
lage was a body of revolution - the center line being the reference for
all flep and tall engles. Ordinstes of the fuselage are given in teble I.
A drawing of the model wilth horizontal taill located st Zg = 25.6 percent
wing semispen is shown as figure 2. The vertical tail shown in Ffigure 2
was used only in conjunction with the horizontal-tell position shown
therein. For the Lower horizontal-tall positions, the vertical tail was
replaced by a small tail-support fitting. (See fig. 3.) In figure 3
configurations A, B, and C refer to tail positions 2Zg of -13.9, 13.9,

and 25.6 percent semispan, respectively. A +tail position of 13.9 percent
wing semispan above the chord plane extended was obtained with the tail-
support fitting attached at the top of the fuselage. By rotating the
tail cone through 180°, the tail could be located 13.9 percent wing semi-
span below the chord plane extended. Provision was made to test the model
with horizontal-tall angle settings of -3°, 0°, and 3° at each tail posi-
tion. (Zero teil incidence was not used for the tall located at 25.6 per-
cent wing semispan above the chord plane extended.) The tall length
remgined constant for all tail positlons.

The basic wing of this investigation had 45° of sweepback referred
to the quarter-chord line, an aspect ratio of 4, a taper ratio of 0.3,
and en NACA 6HA006 sirfoil section measured parallel to the free stream.
The wing was of a so0lid aluminum comstruction, The model was fitted
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with a deflectable full-spen leading-edge flap with hinge line at 0.20c
of the basic wing. The portion of the leading-edge flap extending from
0.65b/2 to the wing tip could be removed snd reattached through sn insert
to provide an outboard lesding-~edge chord-extension of 0.10&8. One series
of tests of the model was meade with the basic wing, and a second series
of tests was made with the model having a wing modification consisting

of 6° deflection of the leading-edge flep in coanbination with the out-
board chord-extension.

The model wes tested on the sting-support system shown in figure 1.
With this sting support, the model cen be remotely pitched through an
angle-of-attack range of 28°. '

Forces and moments were measured by means of en electrical strain-
gege balance system located within the model fuselage.

The variation of the mean Reynolds number (based on &) with Mach
number is presented as figure L.

CORRECTIONS

Tunnel blockage corrections were determined by the method of refer-
ence 4 and were applied to the Mach numbers and dynamic pressures. dJet-
boundary correctlions, spplied to both the angle of asttack and drag, were
determined by the method of reference 5. Jet-boundary corrections to
pitching moment were found to be negliglible and hence were not applied.

The drag date have been corrected to correspond to a pressure at
the base of the model equael to free-stream statlc pressure. For this
correction, the base pressure was determined by measuring the pressure
inside the fuselage at & point asbout 9 inches forward of the base. For
& more deta%led explanation of this correction, see reference 3.

The angle of attack has been corrected for deflection of the sting-
support system under load. Possible aeroelastic effects of the wing
and tell combinations have not been evalusted; however, wing-alone
effects have been evalusted and may be found in reference 3,

No tare corrections were spplied to these data. Previous investi-
gatlons have shown thet the tare corrections to 11ft and pitching moment
are negligible for the wing-fuselage cambination, but the effects of
adding the horizontal tail as yet have not been thoéroughly investigated.
Limited tare tests, with a yoke sting setup, have indicated that the
major effect would be a small trim chenge with little effect on the
stability.
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RESULTS AND DISCUSSION

The besic dats of this investigation obtained for three horizontal-
tall positions and horizontal-tail settings, with and wilthout the wing
leading-edge modification, are presented as figures 5 to 12. (Data were
not obtained st zero incidence for the taeil located at 25.6 percent semi-
span above the wing chord plane extended.) In order to expedite the
publication of these datae, only a very brief analysis of the plitch char-
acteristics is included. No attempt has been made to evaluate downwash
charscteristics, although the data obtailned with the different horizontal-
tall settings, along with the tail-off data of reference 3, will permit
such evaluations. An =nslysis of the 1lift, drag, and 1lift-drag ratios
for the wing-fuselage combination, with and without the leading-edge
modifications considered herein, may be found in reference 3.

In using the data presented In the present paper, comsideration
should be given to the fact that the vertical tail was used only in
conjunction with the horizontsl-taill position Zg = 25.6 percent semi-
span. Because of the absence of the vertical tail for the test involving
the two lower positions of the horizontel tail, the drag date are not
considered to be directly campasrable for all tail positlons. It is
believed, however, that any possible influence of the vertical tail on
1ift and pltching-moment cheracteristics is of secondary importance.

The piltching-mament characteristics obtained with a horizontel-teil
setting of -3° and with each of the tail positions are summarized and
canpared with the tail-off results from reference 3 in figure 15. The
results sre presented with reference to an assumed center-of-gravity
location of 0.25¢ (as was used in presenting the basic data) end with
reference +t0 an assumed center-of-gravity locetion at 0.358. Mach num-
bers of 0.80 and 0.90 are considered.

For the range of tall positions investigated, lowering the horizontal
tall resulted in a reduction in the severity of the pitch-up tendency at
the high 1ift coefficlents. Addition of the wing leading-edge modifica-
tion, for any of the tail positions investigated, was very effective in
reducing the high-lift pitch-up and in increasing the 1ift coefficlent
at which the pitch-up occurs; however, the effectiveness of the leading-
edge modification became smaller as the tall wes lowered. Neither the
variastion of teil position nor the addition of the wing leading-edge
modification affected the low-llft stability to any appreciable degree.

The date presented at a Mach mmber of 0.80 are, in general, repre-
sentative of the lower Mach number results for which the effectiveness
of the wing leading-edge modification in improving high-lift stabllity
characteristics 1s relatively high. The effectiveness of the wing modi-
fication was considerably smaller at a Mach number of 0.9, although some
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advantege - perticularly, with regard to the 1lift coefficient at which
pitch-up occurs - still is indicated.

The basic data (figs. 5 to 12) show that improvements in 1ift and
drag characteristics result from use of the wing leading-edge modifica-
tion end are of sbout the same megnitude as those indicated for the wing-
fuselege combingtion in reference 3.

CONCLUSIONS

An investigation of the effects of hoTizontal-tell position relative
to wing chord plane snd a wing leading-edge modification, consisting of
8 full-span flap and an outboard pertisl-spen chord-extension, on the
aerodynemic characteristics in pitch at high subsonic speeds of a model
with a 459 sweptback wing indicate the following:

1, For the range of horizontael-tail position investigeted, the
lowest tall position (13.9 percent wing semispan below the chord plane
extended) provided the most desirasble static pitching-moment character-
istics for eilther the basic or modified wing.

2. The wing modification provided considerable improvement in
pitching-moment characteristics for the tail positions 15.9 and 25.6 per-
cent wing semispan sbove the chord plane extended. These improvements
were much smaller at Mach numbers near 0.90, however, than et lower Mach
numbers. :

Langley Aeronsutical Leboratory,
National Advisory Commlttee for Aeronautics,
Langley Field, Va., April 30, 1953.
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TABLE T.
FUSELAGE ORDINATES

[?asic fineness ratio 12; actual fineness ratio 9.8 achieved
by cutting off rear portion of bodi]

—3 &.OO S

- L9.20

——_—
- x F., __r L_ 5.00

Ordinates, in.
X r
0 0
.30 .139
45 179
N 257
1.50 433
3.00 .23
4.50 .968
6.00 1.183
9.00 1.556
12.00 1.854
15.00 2.079
18.00 2.245
21.00 2.360
2. 00 2.438
27.00 2.486
30,00 2.500
33,00 2.478
36.00 2.414
39.00 2.305
42,00 2.137
49.20 1.650
I.E. radius = 0.030 in.
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to all teil positions; seme horizontal tail used for all tail positions,
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Figure 9.- Effects of a 6° full-span leading-edge-flap deflection and
partlal-span chord-extension on the aerodynamic characteristics in
pitch of a general research model with tail configurastion B.

Zg = 15.9 percent semispan; i; = -3°.
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Figure 9.- Continued.
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. Figure 10.- Effects of a 6° full-span leading-edge-flap deflection and
partial-span chord-extenslion on the aerodynemic characteristics in
piltch of a general research model with tail configuration A.

Zy = -13.9 percent semlspan; ip = 3°.
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Figure 10.- Continued.
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Figure 11.- Effects of & 6° full-span leading-edge-flar deflection &nd
partial-span chord-extension on the serodynamic characteristies in
pitch of a general research model with tail configuration A.

Zy = -13.9 percent semispan; iy = O°.
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Figure 12.- Effects of a 6° full-span leading-edge-flasp deflection and
partial-gpan chord-extension on the aerodynamic characteristies in
pltch of a general research model with tail configuration A.

Zy = -13.9 percent semlspan; 14 = -30.
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Figure 12.- Continued.
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Figure 13.- Camparisons of pilitching-moment characteristics at Mach num-
bers of 0.80 and 0.90 of & general research model with a 6C full-gpan
leading-edge deflection and partiel-span chord-extensions at three
tail positions for two reference center-of-gravity locations. Tail-
off data teken from reference 3; iy = =30,

NACA - Langley Fleld, Va.



